Fibromyalgia syndrome (FMS) is a musculoskeletal disease characterized by chronic pain, fatigue, anxiety, memory loss, and morning stiffness (1) . FMS prevalence in the general population is 2.7% and is three times greater in women (2) . While the risk factors for the disease include vitamin and mineral deficiencies, its exact etiology and pathogenesis are unclear. The onset and prognosis of FMS are determined by interactions between neuroendocrine, immunological, and metabolic factors, and the diagnosis is usually established in middle-aged patients (2, 3) .
Serum ferritin concentration (cut-off <30 ng/mL) is the most sensitive and specific test for iron deficiency (4) (5) (6) . The symptoms specific to a decreased activity of iron-containing enzymes are weakness, fatigue, lack of concentration, lower work performance, and impaired oxygen transport to body tissues. However, it is not known to what extent these nonhematological effects of iron deficiency emerge before anemia occurs (7) . Iron deficiency in FMS causes chronic fatigue, myalgia, decreased endurance, and sleep disorders (8, 9) . It lowers the pain threshold, making increased pain sensitivity a potential key factor in the pathophysiology of fibromyalgia (10) . A case-control study by Ortancil et al (11) showed FMS patients had lower serum ferritin levels than healthy control groups. To the best of our knowledge, no study has so far evaluated the association between ferritin levels and sleep in FMS patients. Therefore, the aim of the present study was to determine the frequency of non-anemic ferritin deficiency in individuals with FMS and to evaluate the association of ferritin levels with anxiety, depression, sleep quality, and physical functioning, as well as the interactions between clinical parameters in FMS patients.
PARTICIPANTS AND METHODS
This cross-sectional study included women older than 18 who presented to Physical Medicine and Rehabilitation polyclinic and whose ferritin levels had been measured in the previous four weeks at the Tokat State Hospital in the 2016-2017 period. Exclusion criteria were parenteral or enteral iron use in the last four weeks, hemoglobin level less than 12 g/dL, infection, malignity, active inflammatory arthritis, serious skin variations, serious peripheral vascular disease, iron storing disorder, and pregnancy or lactation. After the exclusion criteria were applied, 100 participants in the patient group were selected among 137 non-anemic FMS patients who were diagnosed based on 2011 FMS diagnostic criteria of the American Rheumatology College (12) . The selection was performed by simple random sampling with random number genera-tor. The control group included 100 women selected by a simple random sampling among 153 non-anemic women without FMS. The study was approved by the Ethics Committee for Clinical Research of Gaziosmanpasa University (17-KAEK-093), and all participants gave informed consent. Serum ferritin levels were obtained from hospital information system records. Only FMS patients filled out a demographic questionnaire, Beck Anxiety Inventory (BAI), Beck Depression Inventory (BDI), Fibromyalgia Impact Questionnaire (FIQ), and Pittsburgh Sleep Quality Index (PSQI).
FIQ is a 10-item evaluation tool measuring the status, prognosis, and outcomes of FMS patients. The total score ranges from 0 to 100, with a higher score indicating a greater effect of FMS on functionality. The validity and reliability of FIQ in Turkish population were assessed by Sarmer et al (13) .
BDI is a 21-item questionnaire evaluating the presence and severity of depression. A higher score indicates more severe depression (0-9 points: minimum depression; 10-18 points: slight depression; 19-29 points: moderate depression; 30-63 points: severe depression). The validity and reliability of BDI in Turkish population were assessed by Hisli et al (14) .
BAI is a short, 21-item questionnaire evaluating the severity of anxiety. The total score ranges from 0 to 63 (0-9 points: normal; 10-18 points: slight to moderate anxiety; 19-29 points: moderate to severe anxiety; and 30-63 points: very severe anxiety). The validity and reliability of BAI in Turkish population were assessed by Ulusoy et al (15) .
PSQI is an 18-item questionnaire measuring sleep quality and disorders in a period of one month. PSQI measures subjective sleep quality, duration and latency of sleep, sleep disorders, habitual sleep efficiency, daytime dysfunction, and sleep medications use. A score of 5 or higher indicates poor sleep, while a score lower than 5 indicates good sleep quality. The validity and reliability of PSQI in Turkish population was assessed by Ağargün et al (16) .
Serum ferritin level was measured with Roche Cobas e801
autoanalyzer (Roche Diagnostics, Mannheim, Germany) in our hospital laboratory with use of electrochemiluminescence immunoassay method. Serum ferritin level lower than 30 ng/mL indicated iron deficiency.
Statistical analysis
General characteristics of study groups were summarized by use of descriptive statistics. Normality of distribution FMS patients were further divided into iron-deficiency and non-deficiency group. The groups did not differ in BMI, duration of diagnosis, FIQ, BDI, BAI, and PSQI scores, although iron deficiency group had significantly lower average age (P = 0.047). It also had relatively higher BDI, BAI, and PSQI scores, but the differences were not significant ( Table 2 ).
According to the PSQI score, FMS patients were divided into poor sleep and good sleep quality group. Poor sleep quality group had significantly higher BDI, BAI, and FIQ scores (P < 0.05) ( Table 3 ). Sleep quality was poor in 76.57% A significant correlation between BDI and PSQI (r = 0.368, P < 0.05) was observed in participants with iron deficiency but not in those with no deficiency. In poor sleep quality group, BDI scores increased significantly with decreasing ferritin levels (r = -0.277, P < 0.05).
DISCUSSION
The present study showed that iron deficiency was significantly more frequent in FMS patients than in controls. Similarly, Ortancil et al (11) found the FMS incidence risk to be 5.9 times higher in patients with ferritin levels lower than 50 ng/mL, suggesting an association of a relative decrease in iron reserve with FMS (11) . Another study found a high FMS prevalence in patients with iron deficiency anemia (17) . In addition, FMS patients in our study had lower median ferritin level than the control group. Similarly, another study found that women with FMS compared with controls also had lower calcium, magnesium, iron, and manganese hair concentrations (18) . Contrary to these findings, in a study by Mader et al (19) FMS patients did not have lower serum iron, and low ferritin levels were not associated with FMS.
Mice fed on iron-deficient diet (10) had a decreased pain threshold, which was accompanied by elevated c-Fos expression in immunoreactive cells in the ipsilateral dorsal horn, indicating that iron deficiency indirectly increases cell activity at the spinal cord level (10) . In FMS, which is characterized by chronic widespread pain, IV iron supplement considerably improved pain and fatigue index (20). In this disease, iron deficiency-related changes could also be observed in response to pain at the central nervous system level.
FMS patients with iron deficiency in the present study had higher depression and anxiety levels and poor sleep quality, although the differences were not significant. FMS patients are known to suffer from symptoms that considerably affect their life quality, such as fatigue, stiffness, susceptibility to cold, cognitive disorder, sensitivity to outside factors, sleep disorders, anxiety, and depression (21) . This might be explained by the fact that these patients have lower biogenic amine metabolites, such as dopamine, norepinephrine, and serotonin, in the cerebrospinal fluid (22, 23) . Iron is necessary for neurotransmitter synthesis, and iron stores deficiencies decrease biogenic amine production (8, 11) . Impairments in serotonergic, GABAergic, dopaminergic, and other neurotransmitter and neuropeptide systems in the cerebrospinal fluid have also been shown in depression (24) . Shukla et al (25) found low levels of serotonin and its metabolite, 5-hydroxyindoleacetic acid, in the brains of rats suffering from iron deficiency. Besides, increased activity and stereotypic behaviors, attributed to impairments in dopaminergic neurons were observed in rats with non-anemic iron deficiency (26) . Although depression and anxiety levels in the present study were higher in individuals with iron deficiency, no association was found between iron deficiency and FIQ scores. In contrast, another study found an association between low ferritin scores and low total FIQ scores (19) .
We did not observe any effect of age, BMI, duration of diagnosis, or serum ferritin level on sleep quality. While in patients with chronic obstructive lung disease sleep quality deteriorated with lower ferritin levels (27) , in our patients, it deteriorated with the increase in depression. Sleeping problems may exacerbate FMS symptoms, thus increasing the risk of both depression and impaired physical and social functioning (28) . In a study by Miró et al, 99% of FMS individuals had poor sleep quality, which was a significant predictor of pain, fatigue, and maladaptive social functioning (29) . Sleep and pain in FMS have a twoway relationship, which could interact with depressive symptoms. Sleep disorder, difficulty falling asleep, and deterioration in sleep quality could increase pain in FMS patients (30) . Sleep disorders were also associated with low ferritin levels in children with attention deficit hyperactivity disorder (31) .
In the present study, individuals with poor sleep quality had higher depression when they had low ferritin levels.
Another study found iron deficiency in 29.5% of individuals with depression, which was by 15% higher compared with healthy individuals (32) . This finding could be explained by the fact that iron is needed for the synthesis of neurotransmitters involved in depression pathogenesis. On the other hand, Hunt et al (33) found no association between depression and ferritin levels.
Individuals with poor sleep quality in our study had poor physical functioning and higher anxiety and depression levels. In another study, sleep problems in FMS were reported to affect pain, depression, and anxiety (34) . Sleep quality considerably affects health-related life quality in FMS, which is why it was proposed that sleep quality should be improved to increase the health-related life quality in these patients (35) .
Despite the low number of patients in certain subgroups (BAI), this study contributed to better understanding of iron deficiency in FMS. Iron deficiency was quite common in individuals with FMS diagnosis. Also, it was reported to lower pain threshold and increase pain perception in FMS.
Although no association was observed between iron deficiency and sleep quality, depression, anxiety, and physical functioning in individuals with iron deficiency, impaired sleep quality was associated with depression. In conclusion, sleep disorder, a frequently observed symptom in FMS, decreases the quality of life and increases depression and anxiety levels. Additionally, the results of our study point to the fact that FMS patients should have their ferritin levels evaluated, since iron deficiency treatment could prevent the deterioration of their clinical condition.
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